Acute respiratory distress syndrome (ARDS) was initially defined by Ashbaugh *et al*[@ref1] in 1967 as a condition characterized by rapid onset tachypnoea and hypoxaemia with loss of lung compliance and bilateral infiltrates on chest radiograph. Despite several limitations which were, highlighted in the new Berlin criteria[@ref2], the American-European Consensus Conference (AECC) criteria[@ref3] are still widely used for the diagnosis of ARDS. The reported mortality of ARDS is approximately 36-44 per cent[@ref4]. As reported in a systematic review[@ref4], ARDS mortality has remained almost unchanged despite the availability of new ventilatory modes, use of low-tidal volume ventilation strategy[@ref5] and other therapeutic improvements in critically ill patients in the last decade.

Though it has been recognized that ARDS aetiology can affect prognosis/management, only a few studies on ARDS have been published from developing countries[@ref6][@ref7][@ref8][@ref9]. Chronic liver disease, non-pulmonary organ dysfunction, sepsis, and older age have been identified to predict the risk of death in ARDS[@ref9][@ref10]. There is a paucity of systematically conducted prospective studies on ARDS from resource-limited countries. The present investigation was designed to prospectively study the aetiology, outcomes and predictors of mortality in ARDS from a tertiary care hospital in north India.

Material & Methods {#sec1-1}
==================

This was a prospective observational study conducted in the Intensive Care Unit (ICU) of department of Medicine at the All India Institute of Medical Sciences (AIIMS) hospital, New Delhi, India, between July 2010 to June 2012. This hospital is a tertiary care centre located in north India serving middle to lower socio-economic status patients from several adjacent States. Consecutive patients who fulfilled the AECC[@ref3] criteria for ARDS, acute onset; arterial hypoxaemia with ratio of arterial oxygen tension over fractional inspired oxygen (PaO~2~/FiO~2~) lower than 200 (regardless of positive end-expiratory pressure level); bilateral infiltrates seen on chest radiograph; pulmonary artery wedge pressure lower than 18 mmHg or no clinical evidence of left atrial hypertension, were enrolled. Patients with pre-existing lung diseases, transferred from any other hospital, positive serology for human immunodeficiency virus (HIV) or age less than 15 yr were excluded. Patients with sequelae due to past history of pulmonary tuberculosis were also excluded from the study, however, newly diagnosed patients of tuberculosis with ARDS were included in the study. A written informed consent was obtained from patients and the study protocol was approved by the institutional ethics committee.

*Study design*: Patients were mechanically ventilated as per the ARDS Network protocol[@ref11]. Recorded data included demographic characteristics (age and sex), pre-existing diseases, co-morbidities, risk factors for ARDS, number of organ failures, use of corticosteroids and neuromuscular blockers, biochemical variables, requirement of renal replacement therapy (RRT), ventilatory parameters, outcome, length of ICU and hospital stay. An attempt was made to establish the aetiology of ARDS in each case. Pneumonia was defined from the radiographic presence of new infiltrates, along with the identification of at least one pathogen in a sputum specimen or bronchoalveolar lavage (BAL) fluid culture and clinical evidence of infection.

Patients who met the criteria for both sepsis and pneumonia were classified as having pneumonia. We calculated Acute Physiology and Chronic Health Evaluation (APACHE II) score[@ref12], Simplified Acute Physiology Scores (SAPS II and 3)[@ref13][@ref14] and Sequential Organ Failure Assessment (SOFA) scores[@ref15]. The following mechanical ventilation variables were recorded: peak airway pressure (*P*~peak~), plateau pressure (*P*~plat~), positive end-expiratory pressure (PEEP), tidal volume (V~T~), respiratory rate (RR) and respiratory system compliance (C~RS~). All ventilatory variables were recorded daily at a fixed time at 0900 h.

In all patients diagnosis of malaria was made from OptiMAL-IT Malaria Test Kit (TCS Biosciences Ltd, UK), and four patients also had peripheral smear examination positive.

*Diagnosis of viral aetiology*: Real-time PCR was done only once to determine the viral aetiology of pneumonia using BAL fluid. Nucleic acid extraction was done using Roche L.C.2.0.l (Roche Diagnostics, Basel, Switzerland). The PCR was performed on every sample for detection of influenza A/B, respiratory syncytial virus (RSV), human metapneumovirus (hMPV) and adenovirus according to Centers for Disease Control and Prevention (CDC) protocol[@ref16]. All influenza A positive samples were further subtyped using primers for seasonal AHINI, AH3N2 and pandemic AH1N1[@ref16].

*Estimation of biomarkers*: A panel of five biomarkers \[interleukin (IL-1β, IL-6, tumour necrosis factor-alpha (TNF-α), procalcitonin (PCT), high sensitivity C-reactive protein (hsCRP)\] was measured in duplicate in serum samples that were collected at the time of enrollment. These biomarkers were chosen based on prior demonstration of their association with adverse outcomes[@ref17][@ref18]. Five ml of venous blood was taken and kept at room temperature for two h and was later centrifuged at 1207 *g* for 10 min. The supernatant was stored at -70° C until analysis. Serum levels of all five variables were measured using enzyme linked immunosorbent assay (ELISA) according to the manufacturer\'s instruction (R&D Systems, Minneapolis, USA; Biocheck. Inc. Foster city, USA and Ray Biotech. Inc. Norcross, Georgia).

*Statistical analysis*: In absence of any prospective observational study on this topic from India, the sample size was calculated from the expected mortality of ARDS. With a sample size of 62, a two-sided 95 % confidence interval (CI) for the expected proportion of mortality among patients with ARDS, using the large sample, normal approximation will extend 12.5 per cent from the expected proportionary death of 50 per cent. Hence, a sample size of 65 was proposed. Continuous variables including age and SOFA score were summarized as mean ± standard deviation (SD). Categorical variables such as gender, sepsis and vasopressor use were summarized as proportions along with 95% CI. Skewed variables were summarized as median with interquartile range and non-parametric tests (Mann-Whitney U-test) were applied. Quantitative variables at admission were compared between survivors and non-survivors using Student\'s t test or Wilcoxon\'s rank sum test and qualitative variables by chi-square test. Using the day of death or discharge, Kaplan-Meier survival analysis was performed. Log rank test was used to compare the survival between different categories of each study variable. Multivariable cox regression analysis was done to identify independent predictors of mortality.

Results {#sec1-2}
=======

All patients in the medical ICU, AIIMS were prospectively screened daily for ARDS between day 0 and day 7 of admission, using all available clinical and radiological data. Seventy one patients were found to have ARDS during the study period ([Fig. 1](#F1){ref-type="fig"}). Seven patients were excluded as they had known previous lung pathology. Out of 78, seven patients with HIV were excluded. Sixty four patients with ARDS were finally included. Patients were predominantly males (60.9 vs. 39%). Their median age was 29 yr (24-49 yr). Patients were critically ill with baseline mean SOFA and SAPS II scores of 7.4 and 33.5, respectively. The majority (55/64, 85.9%) of patients had at least one non-pulmonary organ failure at admission. Thirty one of the 64 (48.4%) patients required vasopressor support at baseline. Twenty patients (31.2%) met the ARDS criteria 48 h after hospitalization and were subsequently included in the study.

![Flowchart showing enrollment and follow up of the study participants.](IJMR-143-782-g001){#F1}

The most common cause of ARDS was pneumonia \[44/64 (68.7 %)\], followed by malaria \[9/64 (14.1%)\] and sepsis \[8/64 (12.5%)\]. All the organisms isolated from cases of bacterial pneumonia were Gram-negative. *Actinetobacter* sp. was the most common organism \[12/44 (27.27%)\] isolated. Of the eight patients with viral aetiology, respiratory syncytial virus was isolated in three patients, adenovirus and influenza H1N1 in two patients each. Influenza H5N1 was responsible for pneumonia in one patient. There were no other bacteria or parasite isolated from the patients identified as viral pneumonia. Eight patients had sepsis in our study. Four patients had documented urinary tract infection (UTI), one had pelvic infection. In three patients source of sepsis could not be identified. There were five patients with tuberculosis; of whom, three patients had miliary tuberculosis who later died ([Table I](#T1){ref-type="table"}).

###### 

Microorganisms isolated from patients with acute respiratory distress syndrome (ARDS)
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[Table II](#T2){ref-type="table"} depicts the baseline characteristics of survivors and non-survivors. Survivors were slightly younger as compared to non-survivors. Similarly, a decrease in the mean 24 h urinary volume was associated with a poor outcome (1354.3 ± 326.7 vs.1170.8 ± 393.1 ml; *P*\<0.05). The baseline severity of illness scores (APACHE II, SOFA, SAPS II and SAPS 3) were significantly higher among non-survivors than survivors. Among biochemical variables, higher blood sugar at admission was associated with increased risk of mortality (140.2 ± 48.7 vs. 111.6 ± 5.5 mg/dl; *P*\<0.01) and serum albumin at admission was lower among non-survivors (2.6 ± 0.5 vs. 2.9 ± 0.3 g/dl; *P*\<0.01). There were no significant differences in the baseline ventilatory parameters except for significantly (*P*\<0.001) higher *P*~peak~ and *P*~Plat~ among non-survivors ([Table II](#T2){ref-type="table"}).

###### 

Baseline characteristics of survivors and non-survivor patients
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The 28-day mortality in the present study was 56.2 per cent (36/64). Baseline variables that predicted mortality in univariate analysis included 24 h urinary volume, sepsis, serum albumin and creatinine, RRT, non-pulmonary organ dysfunction, all the ICU severity of illness scores, serum hsCRP, procalcitonin, TNFα, *P*~plat~ and *P*~peak~ (Tables [II](#T2){ref-type="table"}, [III](#T3){ref-type="table"} and [IV](#T4){ref-type="table"}). In multivariate analysis, non-pulmonary organ failure, SAPS II score and *P*~peak~ at the time of admission were found to be independent predictors of mortality ([Table V](#T4){ref-type="table"}). To compare the survival probability of ARDS patients of different aetiologies we plotted the duration in ICU stay vs. cumulative survival probability in these groups using Kaplan-Meier survival estimate ([Fig. 2](#F2){ref-type="fig"}). Since infectious aetiology was considered in most of these patients on admission, almost all of them received antibiotics from the first day itself.

###### 

Baseline inflammatory biomarkers in survivor and non-survivor patients
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###### 

Univariate analysis of variables predicting mortality in ARDS patients
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###### 

Predictors of outcome of ARDS patients using multivariate logistic regression model
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![Kaplan-Meier survival curve of 44 patients of pneumonia,12 patients of infectious aetiology (malaria, dengue and *Leptospira*) and eight patients of sepsis. There was no significant difference between the three categories. Curve is truncated at 20 days as there were only two deaths after 20 days (*P* value - 0.54).](IJMR-143-782-g007){#F2}

Discussion {#sec1-3}
==========

In the present study, the most common risk factor for development of ARDS was pneumonia followed by malaria. *Acinetobacter* sp. was the most common organism identified, but all these patients developed ARDS 48 h after hospitalization. Hence, it was not clear if these were hospital acquired or community acquired. There were five cases with falciparum malaria and four cases with vivax malaria. All these patients were given standard artemisinin-based combination therapy (ACT). One of the five patients with falciparum malaria and of the four patients with vivax malaria died. Eight patients had ARDS due to viral pneumonia including two patients with the pandemic influenza H1N1 infection. However, these were likely to be sporadic cases as there was no ongoing outbreak in the community during that period. Tuberculosis resulted in ARDS in five patients. A study from western India[@ref7] has reported extrapulmonary causes such as malaria (27.6%) and *Leptospira* (20.7%) as the commonest cause of ARDS.

Hypoproteinaemia has been shown to be a risk factor for the development of acute lung injury (ALI)/ARDS. In a retrospective analysis of patients with severe sepsis at risk for developing ALI/ARDS, Mangialardi *et al*[@ref19] showed that the initial serum total protein (STP) level and changes in STP level were most significant variables in predicting the development of ARDS. The Saline versus Albumin Fluid Evaluation (SAFE) study[@ref20] compared 4 per cent albumin and 0.9 per cent normal saline in patients requiring fluid resuscitation. Although there was no difference in mortality in the subgroups of patients with ARDS treated with albumin versus saline, there was a modest reduction in mortality in sepsis subgroup, with an adjusted odds ratio for mortality of 0.71 (95% CI 0.52 - 0.97, *P*=0.03). Low serum albumin was an independent predictor of mortality in univariate analysis in our study. Whether correcting or preventing hypoalbuminaemia will decrease ventilator dependent days and eventually improve survival still requires further investigation with large randomized studies. In our study higher blood sugar at admission was associated with increased risk of mortality. Hyperglycaemia during critical illness is common and is associated with increased mortality. Intensive insulin therapy maintaining blood sugar level less than 180 mg/dl has been shown to improve outcomes in some, but not in all studies[@ref20][@ref21][@ref22][@ref22].

Several ICU severity of illness scores have been developed in the past for critically ill patients. However, their exact role in ARDS patients remains to be defined. We computed APACHE II[@ref12], SOFA[@ref15], SAPS II[@ref13] and SAPS 3[@ref14] scores from the baseline variables and found that APACHE II ≥13, SAPS II≥35, SAPS 3≥47 and SOFA ≥6 were predictors of mortality in univariate analysis. SAPS II score was an independent predictor of mortality in multivariate analysis.

In the present study, 36 of 64 patients died, resulting in a 28-day mortality of 56.2 per cent. In one study from China[@ref8] mortality of 70.4 per cent (90-day mortality) and 55.7 per cent (in-hospital mortality), respectively have been reported. In a systematic review[@ref4] the pooled mortality has been shown to vary from 44 per cent (95% CI 40.1-47.5) for observational studies, and 36.2 per cent (95% CI 32.1-40.5) for randomized control trials. One possible explanation for the relatively high mortality noted in the current study could be small number of ARDS cases with extrapulmonary causes such as trauma, poisoning, pancreatitis, burns, *etc*. in which mortality is usually low[@ref23]. Also, there could be a selection bias in the ICU admission policy of hospitals in resource-limited countries where only the most sick patients are admitted to the ICU because of limited availability of ICU beds.

Serum levels of the acute phase reactant C-reactive protein have been found to predict disease activity in patients with sepsis and pneumonia[@ref24]. In the current study, higher serum hsCRP levels predicted mortality in univariate analysis. Bajwa *et al*[@ref17] measured serum level of C-reactive protein instead of hsCRP and reported higher CRP levels among survivors as compared to non-survivors. Higher CRP levels should correlate with unfavourable outcome as elevated CRP levels reflect ongoing inflammation. Our study suggested higher CRP level as a poor prognostic marker in ARDS patients and these results were similar to the application of CRP as an outcome parameter in various other diseases[@ref23][@ref24].

Procalcitonin is a 116 amino acid peptide and its levels are used in pneumonia for diagnosis, guiding duration of antibiotic therapy and prognosis[@ref25]. In the present study, higher PCT levels predicted mortality in the univariate analysis. Tseng *et al*[@ref25] showed PCT as a prognostic biomarker in ARDS caused by community-acquired pneumonia. Meduri *et al*[@ref26] found that patients with higher plasma levels of TNF-α, IL-1 β, IL-6, and IL-8 on day one of ARDS had persistent elevation of these inflammatory cytokines over time and died. Higher TNF-α levels also predicted mortality in univariate analysis. Role of TNF-α in ARDS is controversial[@ref27][@ref28]. As procalcitonin, hsCRP, TNF-α levels in the present study were not found to be independent predictors of mortality in multivariate analysis, these findings need confirmation in larger studies to establish their prognostic role in ARDS.

There was no difference in the baseline pulmonary variables such as RR, V~T~, C~RS~, level of PEEP among survivors and non-survivors except for higher *P*~peak~ and *P*~plat~ in non-survivors. In the present study, higher *P*~peak~ was an independent predictor of mortality. *P*~peak~ is a function of flow resistance in the airways and the compliance of the lung and chest wall. Non-survivors could have had worse lung or chest wall compliance, which might explain the higher *P*~peak~ in these patients. It is important to note that ventilatory parameters are usually worse at the time of admission and improve within a few hours with good ventilation strategy.

Our study had several merits. First, we demonstrated viruses as a common cause of ARDS in developing countries and should be actively searched as an important aetiology of ARDS particularly if targeted therapeutic strategies are available. Second, as reported by us earlier[@ref29], this study also showed tuberculosis as an important cause of ARDS and should be considered as a risk factor for development of ARDS. Third, use of easily available inflammatory markers such as hsCRP and procalcitonin might help in early stratification of severity of illness.

Our study also had several limitations. First, the sample size was small and the study duration was short. Second, the study was done in a medical ICU where patients with trauma, burns and pancreatitis are usually not admitted, hence these extrapulmonary causes of ARDS were not studied. Third, inflammatory markers were measured only at the baseline. Repeated measurements of these markers during the course of disease would have been more ideal. Fourth, ventilatory parameters were measured at a fixed time daily rather than taking repeated measurements throughout the day and then selecting the maximum and the minimum values.

In conclusion, Gram-negative bacteria, malaria, respiratory viruses and tuberculosis were common causes of ARDS. Non-pulmonary organ dysfunction, SAPS II score and P~peak~ at the time of admission were individual predictors of mortality. Elevated levels of inflammatory markers such as hsCRP, procalcitonin, TNF-α at admission might identify patients at higher risk of death. These parameters may help in predicting mortality in patients with ARDS in a selected population, but our findings can not be generalized as there is always a referral bias with any study which is carried out at a tertiary care centre.
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